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Bovine-Serum-Albumin-Containing Receptor Phase Better
Predicts Transdermal Absorption Parameters for Lipophilic
Compounds
Sheree E. Cross,Yuri G. Anissimov, Beatrice M. Magnusson, and Michael S. Roberts
Therapeutics Research Unit, Department of Medicine, University of Queensland, Princess Alexandra Hospital, Brisbane, Queensland, Australia
Based on the hypothesis that limited receptor solubility
of lipophilic compounds may result in lower observed
permeability parameters, the aim of this study was to
determine the in vitro human epidermal permeability
coe⁄cients and membrane retention of a series of ali-
phatic alcohols (C1C10, log p ^0.72 to 4.06) using two
di¡erent receptor solutions (water and 4% bovine
serum albumin in phosphate-bu¡ered saline). Aqueous
solutions of radiolabeled alcohols were dosed into the
stratum corneum side of membranes mounted in side-
by-side glass di¡usion cells. Appearance of alcohol in
the receptor compartment ¢lled with either of the two
solutions was monitored over a 7 h period when both
stratum corneum (assessed by tape stripping) and the
remaining epidermis levels of radioactivity were deter-
mined. In a separate study the degree of binding of
alcohols to 4% bovine serum albumin was determined.
The data showed increased receptor phase solubility in
the bovine serum albumin solution and higher perme-
ability coe⁄cients for the more lipophilic alcohols in
the series. No changes were seen in the partitioning of
the alcohols from the vehicle into either the stratum
corneum or tape-stripped epidermis with the two
receptor phases; however, a decrease in the amount of
the more lipophilic alcohols partitioning into the water
receptor phase from the tape-stripped epidermis was
observed. We conclude that bovine serum albumin
receptor phase allows better estimation of real perme-
ability parameters for lipophilic compounds due to its
increased solubility capacity and we question whether
permeability parameters for lipophilic solutes from
older data sets based on aqueous receptor phases are
completely reliable. Key words: topical absorption/
kinetics/skin di¡usion. J Invest Dermatol 120:589 ^591, 2003
I
n vitro percutaneous absorption experiments are usually
performed using aqueous-based solutions as the receiver
phase beneath mounted human or animal skin section
membranes. It is well recognized that, for poorly water-
soluble lipophilic compounds, water or bu¡ered saline
solution receptor phases may cause £ux limiting solubility or
unstirred layer phenomena. These will have the e¡ect of obscur-
ing the true £ux of the drug through the skin. In 1984, Bronaugh
and Stewart observed that the apparent inability of hydrophobic
compounds to freely enter di¡usion cell receptor £uid was
partially reversed by replacing normal saline with other £uids
such as 3% bovine serum albumin (BSA), organic solvents, and
solutions containing surfactants. Improved in vitro £uxes were also
noted for the aromatic synthetic retinoic acid derivative acitretin
following addition of the solubilizers polyethylenglycol-20 and
albumin to the receptor solution (Surber et al, 1991), and the
triglyceride glycerol trioleate following the addition of albumin
to receptor £uid (Moloney, 1988). Albumin in these studies was
presumed to bind the lipophilic solutes, thereby creating a sink
that enables partitioning from the membrane into the receptor
£uid. The use of albumin is becoming more popular than the
use of organic solvents in the examination of the absorption of
lipophilic solutes (Said et al, 1997; Sartorelli et al, 1998; 1999), the
reason most probably being the possible back-di¡usion of organic
solvent into biologic membranes, causing structural changes
that can then lead to gross overestimates of absorption rate
(Kasting et al, 1997). In addition, albumin solutions o¡er a more
physiologic representation of the sink conditions a solute may
experience in the dermis in vivo. In a perfused pig ear model,
De Lange et al (1994) observed that the rates of permeation of
topically applied xylene were similar for perfusates containing
whole blood, blood depleted of white cells, or bu¡er containing
4.5% albumin.
An important data set often used in percutaneous absorption
studies is the set of homologous alcohols published by Scheuplein
and Blank in 1973. In this study, the authors used aqueous solu-
tions of C1C10 alcohols to determine the mechanism of percu-
taneous absorption using water as the di¡usion cell receptor
phase. Our study aimed to repeat this work comparing distilled
water and 4% BSA in phosphate-bu¡ered saline as receptor
phases to determine whether any di¡erences existed in their ef-
fects on observed permeability coe⁄cients and epidermal reten-
tion of the alcohols.
MATERIALS ANDMETHODS
Protein binding The binding of alcohols (C2, C4, C6, C8, C10) to 4%
BSA solution was determined by ultra-centrifugation. Brie£y, 1 ml of 4%
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BSA solution containing tracer amounts of radiolabeled alcohol [1^1.5 mCi
per ml; approximately 0.06 mM (C10) to 0.2 mM (C2)] was sampled for
accurate determination of radioactivity levels and then centrifuged
through a 3000 MW cut-o¡ membrane (Amicon Microcon, Millipore,
Sydney, Australia), which did not allow the passage of alcohol bound to
albumin molecules. Filtrate containing unbound alcohol was sampled and
the fraction bound was determined from the di¡erence in the two samples.
The binding of octanol (C8) and decanol (C10) was also determined by
simple dialysis whereby in stirred side-by-side glass cells 1 ml of protein-
containing solution was separated from 1 ml nonprotein bu¡er by
a 6^7 kDa molecular weight cut of dialysis membrane (presoaked in
protein-free bu¡er), and the distribution of tracer amounts of radiolabeled
alcohol was determined after 24 h equilibration. The fraction bound could
then be calculated from the di¡erence in the protein- to the nonprotein-
containing sides.
Epidermal permeability All experiments were performed in side-by-
side di¡usion cells, n¼ 5 [heat-separated (water 601C for 60 s) female
abdominal epidermis, single skin donor], at 371C with donor and receptor
compartments continuously stirred with magnetic stirrers. Receptor phases
consisted of either phosphate-bu¡ered saline, pH 7.4, or 4% BSA (Fraction
V, Sigma Chemical, Sydney, Australia) dissolved into the phosphate bu¡er.
Concentrations of aqueous alcohols were derived from Scheuplein and
Blank (1973) (C1C5¼ 0.1 M, C6¼ 0.055 M, C7¼0.015 M, C8¼ 0.0035
M, C10¼ 0.0003 M) and spiked with tracer amounts of radiolabeled 14C-
alcohols (American Radiolabeled Chemicals, Sydney, Australia). Receptor
phase samples (200 ml from 1.8 ml total receptor volume) were removed
and replaced with fresh solution at 0.5 h intervals for 3 h and then at 1 h
for another 4 h and assayed by liquid scintillation counting.
Tissue retention At the end of each study epidermal membranes were
removed from the cells and dried with tissue swabs. The stratum corneum
(SC) side was stripped seven times (this allowed consistent removal of
a substantial proportion of the SC without tearing or damaging the
underlying membrane) and tapes were assayed for radiation; the
remaining tape-stripped epidermis was weighed and radiation levels were
determined. Tape and epidermal samples were soaked for 24 h in
scintillation £uid before counting (yielding the same radioactivity as
solubilization; data not shown) with background disintegrations per
minute determined using blank tapes and epidermis subtracted from
resultant sample dpms prior to data analysis.
Data analysis Permeability coe⁄cients were calculated from the slope of
the steady-state portions of the cumulative concentration in the receptor
phase versus time plots for each of the alcohols. Apparent tissue partition
coe⁄cients could be estimated from the ratio of radiation levels observed
in equal masses of SC and tape-stripped epidermis and ¢nal concentrations
in either the donor or receptor solutions.
RESULTS AND DISCUSSION
The increased receptor phase solubility o¡ered by the use of BSA
solutions is related to the degree of protein binding of the lipo-
philic solutes.Table I shows the fraction unbound of a number of
the alcohols in the 4% phase receptor solution. The addition of
BSA to the receptor phase of di¡usion cells increases the solute
solubility limit above that possible in water alone, to an extent
which will be proportional to the binding fraction. When the
concentration of alcohol in the receptor phase is only small, how-
ever, then the solubility is e¡ectively binding fraction indepen-
dent. For the most lipophilic alcohol studied, decanol, the
relative increase in solubility limit expected from addition of
4% BSA to the receptor phase is of the order of 10-fold (dialysis
method) or 40-fold (ultra¢ltration method) (Table I). Although
both techniques gave us high protein binding estimates, around
85% and 90% for octanol and decanol, respectively, for the dia-
lysis method versus 93% and 97% for the ultra¢ltration method,
we are at present unable to con¢dently explain the di¡erences be-
tween the two results.We can suggest that during the process of
equilibrium dialysis fatty acid esters in the BSA solution can hy-
drolyze and alter binding equilibrium and that during the ultra-
¢ltration method if more than 10% of the solution passes through
the membrane the kinetics of binding can change in the remain-
ing solution due to the concentration of the BSA solution.
In Fig 1, log plots of kp values are presented for the C1C10
alcohols with water and 4% BSA as receptor phases. It can be
seen that, for very lipophilic alcohols (C8 and C10), the kp value
is signi¢cantly higher when BSA is used as a receptor phase
(Table I). Interestingly, the data exhibited a turnover in kp that
was not observed in the original study of Scheuplein and Blank
(1973), who used a water receptor phase at 251C (Table I). The
amount of alcohol in the two receptor phases during the course
of these studies was around 10% of the applied amount for BSA
and half that for water, giving estimated concentrations of
0.00003 M and 0.000015 M, respectively. Both appear to be well
below the 10% of saturation solubility in the receptor phase;
however, the rate of partitioning/dissolution from the lower
epidermis may be a¡ected if the concentrations directly beneath
the membrane are much increased over the average level.
Analysis of the SC and tape-stripped epidermis distribution
of each of the alcohols showed that partition coe⁄cients
Table I. Protein binding determined by ultra¢ltration or equilibrium dialysis (mean7SD) and permeability
coe⁄cient data for alcohols
Alcohol Log pa Fraction unbound kp (cm per h)
(chain length) Ultra¢ltration Dialysis BSA Water Waterb
Ethanol (C2) ^0.19 0.87870.054 ^ 0.0028 0.0026 0.0008
Butanol (C4) 0.88 0.76470.028 ^ 0.0079 0.0091 0.0025
Hexanol (C6) 1.94 0.39770.011 ^ 0.0482 0.0518 0.0130
Octanol (C8) 3.00 0.06670.003 0.15570.039 0.0948 0.0417 0.0520
Decanol (C10) 4.06 0.02570.020 0.10370.101 0.0768 0.0239 0.0800
aSciFinder Scholar.
bData from Scheuplein and Blank (1973).
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Figure1. kp values for C1C10 alcohols with water (open symbols)
and 4% BSA (closed symbols) as receptor phases.
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between either the SC or tape-stripped epidermis and the donor
vehicle were similar for both water and 4% BSA receptor phases
(Fig 2). The results show that the receptor phase solubility of the
alcohols did not change the pattern of partitioning from the
donor solution into either the SC or tape-stripped epidermis.
This indicates that, unlike changes in membrane properties
occurring due to the potential back-di¡usion of lipophilic
receptor phases based on the inclusion of organic solvents, 4%
BSA solution does not appear to alter the properties of the SC
or tape-stripped epidermis.
Examination of the tape-stripped epidermis:receptor phase
partitioning behavior of the series of alcohols showed that for
the highly lipophilic solutes a relatively higher retention in
the tissue was occurring with the water receptor phase solution
(Fig 3). A restricted ability to partition into the aqueous receptor
phase is consistent with the lower kp values observed for the more
lipophilic alcohols (Fig 1). The apparent turning over of the kp
value for the most lipophilic alcohol studied, decanol, using the
BSA receptor phase solution could be due to contributions from
either or both of the following two factors. First, it is possible
that, although more lipophilic than water and having a binding
of more than 90% for decanol with a resultant dramatic increase
in receptor phase solubility, it is still not optimally more lipophi-
lic than the epidermal tissue to produce the linear increase in log
kp that would have been expected from the relationship seen for
the more polar alcohols. Second, we cannot discount a contribu-
tion by the tape-stripped epidermis layer present in the mem-
brane as a rate-limiting barrier to highly lipophilic solute
di¡usion. Further studies, with even more lipophilic receptor
phases that do not interfere with the epidermal membrane
barrier properties, are required to further elucidate how the true
maximum kp values for highly lipophilic solutes can be measured
experimentally.
These data highlight the need for absolute caution in the use of
old data sets with possible issues of inadequate lipophilic sink
conditions in de¢ning SC/epidermal membrane permeability
characteristics and more importantly in the testing of existing,
and validation of novel, theoretical kinetic models.
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Figure 2. Comparison of the SC (circles) and tape-stripped epider-
mis (squares) to donor solution (fraction remaining at the end of
the study) and SC to stripped epidermis (triangles) partitioning for
each of the alcohols using water (open symbols) and 4% BSA (closed
symbols) receptor phases.
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Figure 3. Comparison of the tape-stripped epidermis to receptor
phase (fraction penetrated at the end of the study) partitioning for
each of the alcohols using water (open symbols) and 4% BSA (closed
symbols) receptor phases.
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